When either the homologous RNA (avian myeloblastosis virus RNA) or a heterologous RNA (poliovirus RNA) was used as a template, the 
that usually had adenosine at their 3' ends. When we used phage T4 RNA ligase (EC 6.5.1.3) to label the 3' end of the RNA template fragments contained in the RNA-cDNA hybrid intermediate, adenosine was found to be the principal nucleoside carrying the label. We infer from these results that the ribonuclease H (hybrid nuclease) activity of the reverse transcriptase creates fragments of the original RNA template with adenosine as the principal 3' terminus and that these fragments serve as primers for the synthesis of anticomplementary DNA.
Avian myeloblastosis virus (AMV) reverse transcriptase is an RNA-(or DNA-) directed DNA polymerase (DNA nucleotidyltransferase, EC 2.7.7.7) that is responsible for the conversion of the single-stranded viral RNA into double-stranded DNA that can be integrated into the host genome (1) (2) (3) . In addition to catalyzing the polymerization of DNA, the enzyme has an integral ribonuclease H activity that degrades the RNA in an RNA-DNA hybrid (4) (5) (6) (7) . The enzyme synthesizes complementary DNA (cDNA), using the viral RNA as template and a tRNA primer (8) , degrades the RNA with its ribonuclease H activity, and synthesizes DNA identical to the RNA (anticomplementary DNA), using the cDNA as template.
The isolated enzyme exhibits these activities clearly in vitro. Highly purified AMV reverse transcriptase will extend an oligo(dT) primer and polymerize full-length cDNA from the natural AMV RNA template (9) or from a heterologous polyadenylylated template such as poliovirus RNA (10) . Anticom- plementary DNA is synthesized in vitro in 5-8S segments (11) analogous to the segmented anticomplementary DNA that has been observed during viral infection (12) (13) (14) (15) (16) .
The presence of 4 mM pyrophosphate (PPJ) or high concentrations of ribo-or deoxyribonucleoside triphosphates in the reaction mixture inhibits the synthesis of anticomplementary DNA and increases the amount of full-length cDNA that is synthesized (9, 10) . The product of a reverse transcriptase reaction containing one of these inhibitors is a hybrid of cDNA and nicked template RNA (17) . When this RNA-cDNA hybrid intermediate is isolated and then used as template in a reaction in the absence of an inhibitor, the reverse transcriptase degrades the RNA in the RNA-cDNA hybrid and replaces it with anticomplementary DNA (17 Isolation of Reaction Products. The RNA and DNA present at termination of each reverse transcriptase reaction were isolated by phenol/cresol/chloroform extraction and Sephadex G-50 (Pharmacia) column chromatography (10) . Twenty-five Mig of yeast RNA (P-L Biochemicals) was added to the excluded fraction and the nucleic acid mixture was precipitated with 2 vol of ethanol overnight at -20°C. The precipitate was then collected by centrifugation and washed with 70% ethanol (17) .
Alkaline Hydrolysis of Reaction Products and Thin-Layer Chromatography. Nucleic acids isolated from each reaction mixture (containing 25 ,g yeast RNA) were suspended in 8Ml of 0.5 mM EDTA. Two microliters of 0.5 M NaOH was then added and the mixture was sealed in a 5(),-l capillary tube and hydrolyzed by incubation at 100°C for 20 min (21) . The hydrolysate was neutralized with 1 M HC104 and the resulting KC104 precipitate was collected at one end of a sealed 25-Ml capillary tube by centrifugation at 4°C and then discarded.
Twenty-five nanomoles of each ribo-and deoxyribonucleoside 3'(2')-monophosphate (P-L Biochemicals) was added to the hydrolysate. This mixture (containing 1-5 X 105 cpm) was then applied to a polyethyleneimine-cellulose thin-layer plate (Machery-Nagel, West Germany) and chromatographed in two dimensions to separate all ribo-and deoxyribonucleotides from each other and from polymerized DNA (22) . The chromatograms were autoradiographed overnight at -70°C with Kodak X-Omat R film and a Cronex Lightning-plus intensifier screen (Du Pont). The positions of the (unlabeled) ribo-and deoxyribonucleotides were determined by visualization under short-wave ultraviolet light. The portion of the chromatograph containing each ribonucleotide spot was cut out and the amount of radioactivity it contained was determined by liquid scintillation counting. Between 0.1 and 0.9% of the radioactivity on the chromatogram was present in the ribonucleotide spots; the remainder was present as polymerized DNA.
Ribonucleotide Analysis. It was sometimes necessary to further identify the radioactivity in parts of the chromatogram. To this end, the radioactive material was eluted from the polyethyleneimine-cellulose with triethylammonium bicarbonate (23) . To separate orthophosphate from guanosine monophosphate, or to define any incompletely separated ribonucleotides, the eluted material was applied to 3MM paper (Whatman) and analyzed by electrophoresis at pH 3.5 (24 25 Mg of yeast RNA, hydrolyzed, and analyzed by thin-layer chromatography as described above.
The amount of labeled poly(A) in the RNA from each RNA-cDNA hybrid was determined by suspending 20% of the end-labeled RNA in a 1-ml solution of 1 mM EDNA containing 0.6 ,ug of [3H]poly(A) (3 X 105 cpm/,ug) and incubating it at 100°C for 3 min. The mixture was brought to 0.5 M NaCI and applied to a 1 X 0.5 cm column of oligo(dT)-cellulose equilibrated in 0.5 M NaCI. Less by hybridization, more than 90% of it was found to be identical to the RNA template (see Table 2 ).
Gradient analysis of the reaction products (see Fig. 3 AMV RNA and poliovirus RNA were used as templates under the same two-stage reaction conditions. The reaction products were isolated and hydrolyzed, and the hydrolysates were analyzed by thin-layer chromatography as before (see Fig. 4 ). The analyses of the reactions with homologous RNA and with heterologous RNA as template yielded essentially identical results. More than 60% of the template RNA fragments that served as primers for anticomplementary DNA synthesis had a 3'-terminal adenosine (Table 1) .
RNA Component of the RNA'cDNA Hybrid Intermediate. If most of the segments of anticomplementary DNA are linked to an adenosine because the available RNA fragments that could serve as primers usually end in adenosine, then most of the fragments of template RNA in the RNA cDNA hybrid intermediate should terminate with this ribonucleoside. We therefore isolated AMV RNA-cDNA and poliovirus RNA-cDNA hybrids and labeled the 3' ends of their RNA component by using T4 RNA ligase and [5'-32P]pCp (27) . Oligo(dT)-cellulose chromatography of the RNA isolated from the reaction mixture showed that it contained no labeled poly(A). This material was treated with base and analyzed on thin-layer plates as before (see Fig. 5 ). In a control reaction, randomly fragmented poliovirus RNA was incubated with T4 RNA ligase and [5'-32P]pCp. The polyadenylylated 3' end of the intact RNA was 89.4 The conditions for hybridization and micrococcal nuclease assays have been described (10, 11) . Two-tenths microgram of RNA and 1.5-3.0 ng of DNA were present in each 20-,gl reaction mixture except in the DNA-DNA hybridization, for which 20 ng of cDNA was added.
All reaction mixtures were incubated at 680C to attain CRNA or RNA-t = 0.1 mol of nucleotide-liter-l'sec. AMV [3H]cDNA was isolated from a synthetic reaction mixture containing 4 mM PP1 (9) .
[32P]DNA synthesized in a two-stage reaction was fractionated on an alkaline sucrose gradient (17). removed by oligo(dT)-cellulose chromatography, and the poliovirus RNA fragments that had been 3'-end-labeled were hydrolyzed and analyzed on a thin-layer plate.
The results are shown in Table 3 . The hydrolysate of the control reaction mixture contained approximately equal amounts of all four 32P-labeled ribonucleotides, indicating that all fragments in the ligase reaction were labeled indiscriminately. In contrast, the hydrolysates of the 3'-end-labeled RNA from AMV and poliovirus RNA-cDNA hybrids revealed that adenylate was the principally labeled ribonucleotide.
We infer from these and the previous results that fragments of the original RNA (11, 17) . When 
